Cardiac disease can rarely complicate pregnancy (e.g., only 1 to 4% of pregnancies in the United States), but it still remains a major cause of non-obstetric maternal morbidity and mortality. 1 During pregnancy, a woman can suffer from heart failure because of a pre-existing heart disease or a new onset cardiopathy pregnancy correlated. Approximately 2% of pregnancies involve cardiac disease, and in the current era, most maternal disease is due to congenital heart disease (CHD).
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During pregnancy, a woman can suffer from heart failure because of a pre-existing heart disease or a new onset cardiopathy pregnancy correlated. Approximately 2% of pregnancies involve cardiac disease, and in the current era, most maternal disease is due to congenital heart disease (CHD). 2 Currently cardiac surgery improvement of the last 50 years has permitted an increased number of survivors. Instead, in the past, rheumatic heart disease was the leading cause of heart failure in pregnancy. 3, 4 Further, with increasing maternal age, other etiologies of heart disease should not be ignored and, particularly, ischemic and hypertensive heart disease should be considered in an over forty pregnant women. 5 
Physiology of normal pregnancy
Important hemodynamic changes appear during pregnancy and are responsible for heart failure in pregnant women with pre-existing heart disease. These changes begin early in pregnancy, generally during the first eight weeks, reach their peak during the late second trimester, and then remain relatively constant until delivery. 6 The plasma volume and red cell mass are the first major cardiocirculatory modification, actually they expand in the 8 th week and peak around 30 th week, with a net plasma volume gain of 1000-1600 mL, corresponding to 30-50% above baseline. 7 A greater increase in intravascular volume compared to red cell mass results in the dilutional anemia of pregnancy. This aspect generally results at 30-34 weeks when plasma volume peaks in relation to red cell mass and is associated with sodium and water retention. Actually 1000 mEq of sodium and 6 liters of water are retained and distributed among amniotic fluid, fetus and intra and extracellular spaces. 8 Further cardiac output increases to satisfy increase fetal and maternal metabolic needs. It can be estimated 30-50% above baseline levels during the entire pregnancy, but half of this change occurs by 8 th week. This relevant change is a consequence of blood volume augmentation, afterload reduction and maternal heart rate rise. 9 Systemic N o n -c o m m e r c i a l u s e o n l y vascular resistance is reduced due to the high flow, low resistance circuit in the utero-placental circulation. Vasodilation is probably due to decreased sensitivity to norepinephrine and angiotensin, increase in nitric oxide and prostacyclin production and reduction in aortic stiffness. All these hemodynamic changes appear during pregnancy and if the heart is normal, they do not lead to adverse effects on central venous pressure and pulmonary capillary wedge pressure. 10 The major effort for cardiovascular system has to be paid on labor and delivery, when abrupt hemodynamic changes appear. Actually, each uterine contraction releases 500 mL of blood into maternal circulation, provoking cardiac output increase that can be estimated up to 80% above baseline at the time of normal vaginal delivery. After delivery, decompression of uterus and inferior vena cava provokes an augmentation of venous return, which is compensated by blood loss (400 mL during normal vaginal delivery and 800-1000 mL with a Cesarean section). 11 The greater obligatory blood loss and the bad consequence of anesthesia required for Cesarean section make vaginal delivery the preferable delivery for cardiac patients.
Predictors of maternal cardiovascular events
Several predictors of maternal cardiovascular events have been published. The best known are the CAPREG study and the ZAHARA study. 4, 12 The first one (Table 1 ) has been validated in several studies and appears valuable to predict maternal risk, although overestimation can occur. 12, 13 The predictors from the ZAHARA study 12 (Table 2) have not been validated yet in other studies. It should be noted that predictors and risk scores from the CARPREG and ZAHARA studies are highly population-dependent; for example, the CAPREG study included patients with congenital and acquired heart disease and the ZAHARA study included only patients with congenital heart disease. Important risk factors such as severe pulmonary hypertension and severely dilated aortas are not pointed out in either study, limiting the usefulness of this approach. Thus, these predictors only provide for a snapshot of what the anticipated cardiovascular risk might be.
The best and more reliable cardiovascular risk score is the modified World Health Organization (WHO) classification 14 (Table 3) , which provides for the most favorable risk estimation model. It focuses on the congenital cardiac lesions that represent the most challenging for pregnancy, labor and delivery. It stratifies the risk into 4 classes. 14, 15 Risk is extremely low in women belonging to class I and cardiology follow-up during pregnancy may be limited to one or two examinations. Class II includes low-moderate risk and follow-up every trimester is recommended. Women in class III are at high risk of complications, and frequent (monthly or bimonthly) cardiology and obstetric examinaiton during pregnancy is recommended. Women in class IV should be advised against pregnancy. In case they become pregnant, a discussion of termination should be undertaken, but if they refuse, monthly or bimonthly examination is needed. Pregnancy and heart disease Impaired systemic ventricular systolic function (ejection fraction <40%)
One point for each predictor (0 point = 5%, 1 point = 27%, >1 point = >75%). LV, left ventricular; NYHA, New York Heart Association. 
Counselling
The risk of pregnancy depends on the specific heart disease and clinical status of the patient. Individual counselling by experts is recommended. 15 Women with a known heart disease, that are inclined to become pregnant, should undergone an accurate evaluation and risk assessment prior to pregnancy. Usual drugs should be reviewed so that those which are contraindicated in pregnancy can be stopped or changed to alternatives if possible. The follow-up plan should be discussed with the patient and in case with her partner. Women with significant heart disease should be managed jointly by an obstetrician and a cardiologist with experience in treating pregnant patients with heart disease from an early stage. Highrisk patients should be managed by an expert multidisciplinary team in a specialist center. 15 All women with heart disease should be assessed at least once before pregnancy and during pregnancy, and hospital delivery should be advised.
The history, physical examination, echocardiogram, and electrocardiogram (ECG) form the foundation of cardiac evaluation in all patients.
The great majority of pregnant patients have a normal ECG. The heart is normally rotated towards left with a 15-20 left axis deviation. Common physiological alterations include transient ST segment and T wave changes, the presence of a Q wave and inverted T waves in lead III, an attenuated Q wave in lead AVF, and inverted T waves in leads V1, V2, and, occasionally, V3. 15 ECG changes can be due to a gradual change in the position of the heart and may mimic left ventricular (LV) hypertrophy and other structural heart diseases, which should be considered. Holter monitoring should be performed in patients with known previous paroxysmal or persistent documented arrhythmia such as ventricular tachycardia, atrial fibrillation, or atrial flutter, or in patients complaining symptoms of palpitations.
Exercise testing is useful to assess objectively the functional capacity, chronotropic and blood pressure response, as well as exercise-induced arrhythmias. It is considered an essential test of the follow-up for grown up congenital heart disease patients and asymptomatic valvular heart disease ones. 16, 17 It should be performed in patients with known heart disease, preferably prior to pregnancy, to stratify risk. European Society of Cardiology (ESC) guidelines recommend performing submaximal exercise tests to reach 80% of predicted maximal heart rate in asymptomatic pregnant patients. 15 There is no evidence that it increases the risk of spontaneous abortion. 18 Stress echocardiography using bicycle ergometry can be used to detect the presence and the extent of ischemia in high risk patients with suspected coronary artery disease. 15 This exam can also be useful prior to conception to assess myocardial reserve in patients with prior peripartum cardiomyopathy (PC), which have recovered left ventricular ejection function (LVEF), valvular or CHD, another cardiomyopathy with borderline or mildly reduced LVEF.
Nuclear scintigraphy should be avoided during pregnancy because of radiation exposure.
Ischemic heart disease
Due to the increasing age of pregnant women, ignored atherosclerotic lesions become more and more frequent. Currently, diabetes and smoking are continuously increasing in the female gender considering last decades and hypercholesterolemia gets generally worse during pregnancy. For these reasons symptoms related to ischemic heart disease are more and more widespread during pregnancy. Two recent and detailed reviews focus on this problem. 19, 20 The incidence of myocardial infarct (MI) is very rare, about 0.6-1/10,000, but it shows a bad prognosis with an estimated mortality between 5.1 and 37%.
The vast majority of MI occurs in the third trimester, when cardiac oxygen demand increases for physiologic hemodynamic changes (increase in blood volume, systolic volume and heart beats) and typical anemia.
MI risk is higher in multiparas and augments with age (8.8, 19 .0 and 30.2 over 100,000 births respectively for women of [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] , over 40 years old.
It is quite difficult to diagnose MI in pregnant women, because they are relatively young, complain symptoms attributable to pregnancy, and show pseudo ischemic alterations of ECG without any pathological significance.
There is not enough literature on the best therapy of MI during pregnancy, but it should consider the effects on both the pregnant woman and the fetus. β-blockers and aspirin are generally well-tolerated, angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARB) are discouraged for their embryonal toxicity. Other antiaggregants are not enough tested. Nifedipine is well-tolerated, other calcium-antagonists have not enough literature. Thrombolysis is dangerous because of its important hemorrhagic risk during pregnancy. Stent application is preferable, especially bare metal stent for its minor length of double antiaggregant therapy.
Pregnancy is not discouraged after MI or stent application, but it is advisable to evaluate accurately the woman, checking her ventricular function, the presence of residual ischemia or restenosis, and the electrical stability.
Arrhythmias
Arrhythmias cause the most frequent cardiologic symptom during pregnancy. They are generally due to atrial or ventricular premature beats (isolated or couplets, triplets, runs of non-sustained tachycardia). Sustained tachycardia is not more diffuse in pregnant woman.
Women who suffered from arrhythmia have an increased risk to face during pregnancy.
Multifactorial cause provoke arrhythmia during pregnancy: the presence of heart disease, augmented adrenergic activity due to hyper-estrogen production, atrial and ventricular stretching due to volume overload, typical hypokalemia, long QT interval for metabolic or pharmacologic causes.
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a heart disease with a fibro-adipose infiltration of both ventricles that provokes ventricular arrhythmias, heart failure and unexpected death. A recent article demonstrates that pregnancy does not influence cardiologic complication in women affected by ARVC. Actually 82% of 39 pregnancies in 26 women affected by ARVC did not manifest any major cardiac problems (heart failure or ventricular arrhythmia), 13% showed ventricular arrhythmia and 5% heart failure. All newborns were in good health conditions. 21 However some women (20-44%) complain of palpitations, syncope and vertigo, but there are scarce correlations with arrhythmia, about 10%. 22 For this reason it is recommendable to limit Holter ECG to those pregnant women who complain of daily palpitation, particularly if they suffer from a heart disease. Otherwise this examination seems to be useless.
Management of arrhythmia during pregnancy should be limited to do better. Causes of arrhythmia (electrolytic disturbances, thyroid disease, smoking, alcohol coffee or drug abuse) should be corrected. Antiarrhythmic therapy should be avoided during the first weeks and reserved to pregnant women with debilitating symptoms. Many drugs (digoxin, adenosine, flecainide, β-blockers) are used to treat arrhythmia during pregnancy, but data are not enough to have a reliable evaluation. 23 Amiodarone should be avoided, because it causes hypothyroidism, prematurity and fetal growth retardation. Verapamil and diltiazem are quite secure. β-blockers are relatively secure, but prematurity and low weight newborns are reported.
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Valvular heart disease
Mitral stenosis
It represents the first cause of mortality for rheumatic heart disease during pregnancy. Moderate and severe mitral stenosis are generally symptomatic during pregnancy and an exercise testing can reveal symptoms at the beginning in an apparently asymptomatic woman. 15 Mortality is up to 3%. 25 Prematurity rates are 20-30%, intrauterine growth retardation 5-20%, and stillbirth 1-3%. 26 All patients with moderate or severe mitral stenosis (even when asymptomatic) should be advised against pregnancy and interventional correction should be performed pre-pregnancy. 27 Clinical and echocardiographic follow-up is suggested monthly or bimonthly depending on hemodynamic tolerance. In patients with mild mitral stenosis, evaluation can be performed every trimester and prior to delivery. 15 Percutaneous mitral commissurotomy with abdominal lead shielding should be performed during pregnancy only in case of NYHA class III/IV and/or estimated systolic pulmonary arterial pressure reaching 50 mmHg at echocardiography despite optimal medical treatment, in the absence of contraindications.
27,28
Mitral and aortic regurgitation
Valves regurgitation is generally less worrying than stenosis, because the decreased vascular resistance reduces regurgitation volume. However severe regurgitation is not well tolerated and pre-counselling should include exercise testing to evaluate functional capacity. 15 Left ventricular dimension and function are other two important parameters to stratify risk of pregnancy. 27 Ascending aortic diameters should be measured in women with aortic regurgitation, especially in those with bicuspid valves. 15 Heart failure is the major risk for women with severe regurgitation and symptoms or compromised LV function, while arrhythmias are prevalent in asymptomatic women with preserved LV function. 29 No increased risk of obstetric complications has been reported, however patients with symptomatic regurgitation have an increased risk of offspring complications. 4 Patients with severe regurgitation and symptoms or compromised LV function or LV dilatation should be treated surgically before pregnancy. 27 Follow-up depends on patient clinical status and can be planned every trimester in mild/moderate regurgitation, more often in severe regurgitation. Follow-up plans need to be individualized according to clinical status and symptoms.
Congenital heart disease
The population of patients with CHD continues to grow at an impressive rate, because these persons are now surviving beyond childhood as a result of medical and surgical advances. Pregnancy in this population needs an expert multidisciplinary team, including cardiologist, anesthesiologist, high risk obstetric and the possibility of keeping in touch with a center expert on CHD. 30 A sensitive discussion should be performed focusing on the long-term outlook for the mother, and, in some cases, on the possibility of limited longevity. Further multidisciplinary team should inform the patients about risks of miscarriage and poor fetal growth. 31 If pregnancy is not advisable, appropriate advice regarding contraception is mandatory.
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Risk factors
A series of risk factors for maternal or fetal complications has been identified. 12, [34] [35] [36] [37] [38] Pulmonary hypertension, cyanosis, New York Heart Association (NHYA) functional class and natriuretic peptide levels are the most documented.
Pulmonary hypertension represents the most serious and worrying condition, particularly Eisenmenger syndrome. 39 These patients manifest difficulties in managing the circulatory changes of pregnancy and, particularly, during labor, delivery and the postpartum period. The majority of maternal deaths occurs during delivery or postpartum period. Eisenmenger patients poorly tolerate post-partum hemorrhage and systemic vascular changes. Actually, systemic vascular resistance drop worsens the right-to-left shunt, favoring intense cyanosis. Hypoxemia can be fatal and mortality for women with Eisenmenger syndrome reaches 50%. 40 On the other hand an excessive resistance rise can dramatically reduce cardiac output, causing fatal syncope. Although new therapies have improved outcome, leading mortality from 38 to 25% in women with pulmonary hypertension, fatal events remain unacceptably high. 41 Preterm delivery and fetal growth are other two aspects to consider and patients affected by Eisenmenger syndrome manifest these problems in at least 50% of cases, with only 15 to 25% of pregnancies progressing to term. Therefore, counselling should aim to avoid pregnancy in women with Eisenmenger due to the high maternal mortality, important fetal risk and considerable thromboembolic complications. In case pregnancy occurs and termination is refused, heparin can be considered after 20 weeks. Cyanosis is one of the most important risk factors, because it can predict considerably fetal and maternal outcomes as it is evident from literature. 35, 36, 42, 43 Actually Whittemore et al. 34 demonstrated in a group of 44 pregnant women with cyanotic congenital heart disease that only 43% of the 96 pregnancies considered succeeded in live birth, 15 of which were even premature. Further, Shime et al. 35 showed that 90% of pregnant women with cyanotic lesions have relevant postpartum complications, contrary to women with acyanotic lesions, of which only 19% develop complications.
Cyanotic congenital heart disease leads to erythrocytosis that can provoke symptoms of hyperviscosity such as headache, loss of concentration, fatigue and myalgias. Phlebotomy is indicated only in case of hematocrits over 65% and symptoms.
NHYA functional classification and natriuretic peptide levels are two other risk factors correlated to maternal deaths. The first one remains an important predictor of mortality even in pregnant women affected by congenital heart disease as it is evident from literature. 36, 44, 45 McFaul 44 demonstrated in a group of 405 pregnant women with heart disease (of whom 31 % had congenital heart disease) that the three maternal deaths occurred in women who were in NYHA class III or IV.
N-terminal pro-B-type natriuretic peptide (NTproBNP) is considered an independent risk factor for cardiovascular events during pregnancy at 20 weeks of gestation 45 and ZAHARA II 46 prospective multicenter observational study corroborates this affirmation, analyzing 213 pregnancies in 203 women with CHD. Actually, from this paper NT-proBNP >128 pg/mL at 20 th week emerged as an independent predictor of adverse events, the negative predictive value of NTproBNP <128 pg/mL resulted to be 96.9% and the positive predictive value of NT-proBNP >128 pg/mL was 18.3%.
Scientific demonstrations of the utility of B-type natriuretic peptide (BNP) for risk stratification of pregnant women with CHD are lacking. It is known that median plasma BNP in healthy pregnant women is normally twofold than in non-pregnant controls. 47 Tanous et al. demonstrated that a small group of 66 pregnant women with congenital and acquired heart disease revealed a median BNP level over twofold than that found in the control group of 12 healthy pregnant women. 48 Although this work is based on few patients and does not consider only patients affected by CHD, it permits to hypothesize that BNP strongly correlates with adverse cardiac events in CHD patients. Actually, in this work all the women who manifested an adverse cardiac outcome (defined as arrhythmia requiring treatment, stroke, cardiac arrest or cardiac death, pulmonary edema, decline of NHYA functional class by at least two classes, or need for urgent invasive cardiac procedures during pregnancy or within six months after delivery) had an elevated BNP (>100 pg/mL). Further, one-third of women with an elevated BNP had an adverse cardiac event.
Counselling
Considering women with CHD, exercise testing is particular useful, because many patients have a sedentary life and can think erroneously to be asymptomatic.
Genetic counselling should be performed with the patient and her partner, analyzing a detailed family history. In case of CHD arising the novo, the possibility of having a baby affected by CHD is around 3-4%. This percentage augments up to 10% if more than one sibling is ill. 49 Bicuspid
Fetal echocardiography should be recommended at approximately 20 weeks of gestation.
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Aortic stenosis
Congenital aortic stenosis is common and represents 1-2% of the general population and it is generally due to bicuspid aortic valve. Most women are asymptomatic and for this reason exercise testing should be performed to evaluate functional capacity assessment. In case of symptoms or impaired left ventricular function, women should be recommended to avoid pregnancy and valvuloplasty or valvular replacement should be considered. 30 Congenital aortic stenosis is frequently associated with aortopathy so that a detailed imaging of the ascending aorta should be performed before pregnancy. Women with an aorta greater than 4.5 cm should be recommended to avoid pregnancy until correction. 2, 50 In case a woman with severe aortic stenosis decides not to terminate pregnancy, heart failure and angina are two typical complications because of afterload drop, causing aortic gradient deterioration. Further, the reduced cardiac output leads to fetal complications such as intrauterine growth retardation, preterm birth, low birth weight, fetal death. 51 Percutaneous aortic valvuloplasty has been performed in expert centers with lead shielding of the fetus in case valve is not calcific and only minimal aortic regurgitation coexists. Valve replacement remains the only possibility for patients with calcific valve and refractor to medical therapy. 
Coarctation of the aorta
This disease provokes impaired flow to the uterus with possible consequent fetal growth retardation and hypertension, which can facilitate aortic dissection. Actually, hormonal changes of pregnancy soften the aorta, making it more vulnerable to dilatation and dissection. However, hypertension should be corrected cautiously, because aggressive control may damage the fetus. It is rarely necessary to treat coarctation during pregnancy, when balloon and stent placement can more easily dissect aorta due to its fragility.
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Tetralogy of Fallot
Patients that have been corrected, without ventricular dysfunction, prior arrhythmias or clinical heart failure, tolerate pregnancy very well. However, they should be followed by a center with experience in CHD. 19 Patients uncorrected should be counselled to be treated before pregnancy. Cardiac complications, such as arrhythmias and heart failure (the most frequent), thromboembolism, progressive aortic root dilatation, and endocarditis are pointed out in up to 12% of patients. 30 Right ventricle dysfunction and/or moderate to severe pulmonary regurgitation are risk factors for cardiovascular complications. History of ablation and cardiothoracic ratio on chest radiography are predictors of adverse events. 53 Pregnant women with tetralogy of Fallot have an increased risk of fetal loss and congenital abnormalities so that fetal imaging should be performed. 54 Follow-up depends on clinical status and on the presence of severe pulmonary regurgitation. It can be performed every trimester in the majority of women or monthly in the patients at highest risk.
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Marfan syndrome
It is an autosomal-dominant diagnosis with a fibrillin-1 mutation with a frequent cardiac involvement (80%). 30 Preconception counselling represents an important moment to depict modality of transmission, maternal and fetal risk and outcomes.
Aortic events remain the first cause of death and aortic dissection typically occurs in the last trimester or in post-partum. 30 Aortic root <4 cm has a low risk of aortic dissection (1%). 55 Even if there is not enough literature on this topic, pregnancy should be avoided in patients with an aortic root >45 mm. 15 If a patient presents an aortic diameter of 40-45 mm, clinician should consider risk factors for dissection (family history of dissection, rapid growth) before giving advice about a possible pregnancy. 56 Consideration of body surface area is important, especially in women of small stature. Following elective aortic root replacement, patients remain at risk for dissection in the residual aorta. 57 
Interatrial and interventricular defects
Interatrial defects are generally well tolerated during pregnancy. 58 Interventricular defects present higher incidence of arrhythmias and heart failure. 58 Some (4-11%) newborns of women with interventricular defects will be affected by the same disease. 36 As endocarditis is rare, antibiotic prophylaxis is not advised.
Other forms of congenital heart disease
There are many other abnormalities belonging to CHD (Ebstein's anomaly, transposition of the great arteries, truncus arteriosus, pulmonary atresia) that we decide not to elucidate because of their rarity. An internist should know a general view of the most frequent forms of heart disease in pregnancy.
Antibiotic prophylaxis in women with congenital heart disease
Bacterial endocarditis is relatively rare during pregnancy in women with CHD. Literature is very scanty on this topic and contrasts are evident. Recommendation is made on expert opinions. Somebody is against prophylaxis, especially in interatrial defects, 59 others suggest prophylaxis only for the patients at highest risk 60 (previous endocarditis, residual defects after surgery or first six months after surgery), others suggest prophylaxis for a larger number of patients. 61 It is debatable if prophylaxis should be performed during delivery. A recent update concludes that it is not necessary neither for the highest risk patients, but it is advisable before dental or respiratory tract surgery.
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Anesthesia and delivery
In women with CHD induction of labor is generally safe and not associated with a higher incidence of Cesarean rates. Anesthesia and the delivery period is the most fragile period of the pregnancy and a multidisciplinary planning is often required. Vaginal delivery should be preferred unless there is an obstetric indication for Cesarean delivery. 30 However, CHD patients at high risk, and who should have been counselled against pregnancy, can benefit from a Cesarean delivery. In order to limit maternal risk, the timing and delivery in a tertiary center are essential with a multi- A series of monitoring and procedures can be adopted to reduce maternal risks. [30] [31] For example maternal ECG monitoring should be performed to reveal any arrhythmia, intravenous line and/or central venous catheter should be placed to keep hemodynamic stabilization, continuous pulse oximetry should be used in cyanotic CHD to detect rapidly alterations of oxygen saturation, external defibrillator should be attached to the thorax of women with a history of poorly tolerated and/or life-threatening tachyarrhythmias, intra-arterial catheter can be adopted to monitor changes in blood pressure before induction of regional or general anesthesia in unstable patients or at high risk. The location and duration of postpartum monitoring should be evaluated individually, but in case of women in functional class III or IV, it should continue for at least 24 h in an intensive care unit. 31 The preferred kind of anesthesia is epidural or lowdose combined spinal-epidural. 63 
Other cardiac diseases Hypertrophic cardiopathy
There is no so much literature on pregnant women with hypertrophic cardiopathy (HC). Nonetheless Schinkel 64 analyzed 9 cohorts, including 237 women and 408 pregnancies, demonstrating that events are rare. Actually, maternal mortality rate was 0.5% and 29% of patients complained worsening of symptoms or manifested some complications. Fetal mortality was similar to that of general population and was due to spontaneous abortion (15%), therapeutic abortion (5%), and stillbirth (2%). Hence the diagnosis of HC does not preclude pregnancy, but patients affected should be evaluated before pregnancy to estimate maternal risk.
Pathophysiology related to pregnancy in hypertrophic cardiopathy
The increase in cardiac output in the first and second trimester is due to a larger stroke volume secondary to plasma volume increase. This physiological condition leads to enlargement of the ventricular cavity, which initially might reduce obstruction and gradient. 65 However, proceeding pregnancy, volume overload neutralizes this effect and left ventricular outflow tract gradient increases, leading to left atrium distension with a higher risk of atrial fibrillation. During the third trimester, cardiac output generally increases because of heart rate augmentation. The changes of plasma volume and heart rate are not well tolerated in these patients and heart failure can manifest. 65 During labor and delivery hemodynamic situation aggravates, because cardiac output increases further due to auto-transfusion from the contracting uterus and increased catecholamine levels. These changes lead to an additional increase in left ventricular outflow gradient and to a reduction in the diastolic filling period with a consequent risk of heart failure and pulmonary edema. 65 
Risk assessment
Even if pregnancy in HC is well tolerated, a subset of patients manifests complications. The most problematic group of patients is represented by the one with significant impairment of systolic function or with severe symptomatic obstruction. 66 Women with a resting or provocable gradient >50 mmHg present higher risk and should be strictly followed by a multidisciplinary team. 64 Patients with symptomatic advanced heart failure should be advised to terminate pregnancy because of an excess risk of mortality and morbidity. Obviously, surgery and alcohol septal ablation can eliminate obstruction and reduce maternal risk. For all these reasons assessment of pregnancy risk should consider clinical, echocardiographic and exercise testing evaluation, focusing attention on diastolic and systolic function, localization and severity of hypertrophy, outflow tracts gradients at rest and with provocation, cavity dimensions and gradients, mitral regurgitation severity and left atrial dimensions. 66, 67 Genetic counselling is appropriate before pregnancy and it should be focused on the possibility of genetic testing to confirm a disease-causing mutation, the risk of transmitting the genetic defect to the child, the variable disease penetrance, disease severity and prognosis. 64 
Management
Patients should be followed differently. WHO class II needs a clinical and echocardiographic examination every trimester, instead WHO class III warrants monthly or bimonthly control. 66 During and after labor an increase in left ventricular outflow gradient can be caused by blood loss. 64 Therefore hypovolemia should be promptly corrected with fluid administration or red cell transfusion if necessary. Cardiac arrhythmias may be dangerous, because they impair left ventricular filling and consequently outflow gradient. For this reason, all factors that can provoke arrhythmias such as hypovolemia, anemia, electrolyte disturbances should be avoided. 64 Electric cardioversion is considered to be safe for the baby and might be necessary in case of atrial fibrillation with hemodynamic impairment. 68 Anesthesia and in particular epidural anesthesia, leading to vasodilatation can worsen left ventricular outflow gradient and produce hemodynamic instability. 
Dilated cardiomyopathy
It is characterized by left ventricular dilatation and dysfunction. It is generally known before pregnancy so that it can be easily differentiated from PC. It has generally a family history and can rapidly deteriorate during pregnancy due to hemodynamic load. 15, 69 Women with dilated cardiomyopathy should be advised about maternal risk, especially when LVEF is <40% and should be suggested to terminate if LVEF is under 20%. In case of mother's refuse, it is necessary for her to be followed up by a tertiary center with a multidisciplinary team. 15 
Peripartum cardiomyopathy
It is a potentially life-threatening disease that occurs in the peripartum period and provokes heart failure due to left ventricular dysfunction. However a precise definition does not exist and the ESC recently provided for a definition of PC as cardiomyopathy characterized by a reduced LVEF, generally <45%, evolving at the end of pregnancy or during the months after delivery, affecting women without previous known structural heart disease. 70 Therefore it is not easy to distinguish dilated cardiomyopathy from PC in a pregnant woman and a study of 23 patients with dilated cardiomyopathy presenting before the last month of pregnancy demonstrated that these patients were clinically indistinguishable from patients with classically defined PC. 71 A clear family history can suggest dilated cardiomyopathy, but clinical situations are generally not so simple.
Epidemiology
PC is relatively uncommon, but its incidence is increasing, because of more awareness and ability of diagnosing, rising maternal age and multifetal pregnancy, changing demographics. 72 Actually, multiparity and multiple childbirths, family history, ethnicity, smoking, diabetes, hypertension, pre-eclampsia are all factors associated with PC.
73 >50% of cases occur in women >30 years of age, 72, 74, 75 with an odds ratio of 10 in comparison with women >40 and <20 years of age. 76 The incidence is notably higher in black women and Gentry et al. 77 demonstrated a 16-fold higher incidence of PC in black women compared to white ones. Further black women start suffering from PC in a younger age with a higher prevalence of hypertension and a lower rate of LVEF recovery. 78 A recent meta-analysis considering 979 cases of PC, found a high prevalence of preeclampsia (22%), which is >4 times the 3-5% prevalence reported in general population. 79 However, these two conditions are pathophysiologically different and PC is not simply the consequence of severe preeclampsia. Substance abuse, anemia, asthma, prolonged tocolysis, diabetes mellitus, obesity and malnutrition are other conditions associated with PC, but in these cases the association is not so well supported. 80 The incidence of PC in the United States is reported from 1 in 1000 to 4000 live births. 72, 74, 76 However there are some places where incidence is particularly high: in Haiti, an incidence of 1 to 300 livebirths is reported 81 and this difference could be due to racial background, nutritional deficiencies or high prevalence of eclampsia. In northern Nigeria, the incidence reaches 1 in 100 live births.
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Pathophysiology
Many hypotheses have been advanced, but it still remains much uncertainty on pathophysiology of this heart disease. However, recent research suggests that PC is a vascular disease, triggered by late-gestational secretion of potent anti-angiogenic agents from the placenta and the pituitary. 83 This hypothesis has been already introduced in the past, but experimental demonstration supporting it, has been offered only recently. In particular a systemic angiogenic imbalance 84 has been demonstrated on mice lacking cardiac PGC-1 alfa, a regulator of pro-angiogenic factors such as vascular endothelial growth factor (VEGF). These mice developed PC, which was responsive to dual proangiogenic therapy 79, 85, 86 (VEGF plus bromocriptine). Further this hypothesis clarifies the reason why preeclampsia and multiple gestations are considered risk factors for PC. Actually, placenta normally secretes soluble fms-like tyrosine kinase (sFLt1), a VEGF inhibitor. In case of preeclampsia sFLt1 is higher and correlates with cardiac dysfunction. 84 Another study that supports angiogenic imbalance is the one of Hilfiker-Kleiner et al. These authors demonstrated that mice with a knockout in the cardiac tissue-specific signal transduction and activator of transcription 3 (STAT3) develop PC. 87 Lack of STAT3 produces an increased cleavage of prolactin into an antiangiogenic and proapoptotic 16kDa isoform by cathepsin D. This prolactin fragment is also responsible for endothelial damage and myocardial dysfunction. 88 Reduced cardiac STAT3 levels have also been noted in terminally failing hearts from PC patients, 87 but this is a nonspecific finding as it has also been found in end-stage dilated cardiomyopathy. 89 Bromocriptine, an inhibitor of prolactin secretion, prevents the development of PC in mice. This drug was tested also on humans and two studies demonstrated positive results, but quality of these studies was very poor: few enrolled patients, not blinded trial, significant selection bias. 90, 91 Another pathophysiological hypothesis is based on hemodynamic stress, actually blood volume increase could cause a remodeling response of the heart with decrease in left ventricular systolic function. 80 Another hypothesis is based on abnormal immune response. A fetal cell, arriving in the cardiac tissue can stimulate a pathological maternal immunological response. 92, 93 Supporting this hypothesis there are high titers of autoantibodies against normal human cardiac tissue proteins (including myosin), adenine nucleotide translocator, and branched-chain alpha-keto acid dehydrogenase 94 that have been described only in patients affected and not in controls. Instead there are conflicting results on immunoglobulins which resulted higher than control in one study 95 and identical to controls in another one. 96 The last pathophysiological hypothesis considers myocarditis as a cause of PC and this hypothesis was stimulated by the frequent and variable finding of inflammatory infiltrates on right-sided heart endomyocardial biopsies. Specificity of this observation is poor and the role of myocarditis remains uncertain.
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Clinical course and management
The majority of PC is diagnosed in postpartum period, mostly in the week after delivery, and a small part presents during the second and the third trimester. 71, [99] [100] Although symptoms can be confused with those of normal pregnancy, signs of heart failure can easily be detected and echocardiography is mandatory to differentiate this cardiopathy from the others. It generally shows LV dilatation of variable degrees, LV systolic dysfunction, right ventricular and biatrial enlargement, mitral and tricuspid regurgitation and pulmonary hypertension. 101, 102 Recovery of LV systolic dysfunction is reported almost uniformly by 6 months, with little improvement of ejection fraction thereafter.
Data on ventricular arrhythmias are scarce and contradictory. [103] [104] [105] [106] [107] [108] Only 20% of women with PC receive an implantable cardioverter-defibrillator (ICD), because of important and persistent ventricular dysfunction. ICD should not be affixed early, because 50% of patients demonstrate recovery of ventricular function. Unfortunately, there are no parameters or indicators, which can point out patients unresponsive to therapy. 80 A multidisciplinary team of cardiologists and obstetricians should evaluate timing and mode of delivery. Mean birth weight, size and Apgar scores of neonates born to women with PC are generally lower, probably because of earlier gestational age at delivery.
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Therapy
Treating pregnant women with heart failure is not so different: general principles used are still valid in this setting, but it is important to avoid fetal risk determined by some drugs and procedures. 15 Actually ACE inhibitors, ARBs, and aldosterone antagonists are teratogenic and should not be used during pregnancy, although their utilization is certainly useful in case of systolic heart failure. 109, 110 In contrast, there is no scientific certainty on the treatment of diastolic heart failure, since data on the efficacy of specific agents are limited. 109, 110 All other advice that generally regulates treatment of heart failure is still valid in the context of pregnancy and in particular treatment of systemic factors, lifestyle modification, vaccinations (pneumococcal and annual influenza) and device therapy. If indicated, implantation procedures for cardiac resynchronization therapy and/or implantable cardioverter-defibrillator therapy should be performed preferably prior to or following pregnancy, because of radiation risk to the fetus. There is not so much literature on pregnant women with left ventricular assist devices. 111 Concerns include maternal and fetal risks such as thromboembolism, necessity of anticoagulation and consequent risk of bleeding.
Each drug should be used cautiously and dosage can be sometimes increased because of alteration in the volume of distribution and glomerular filtration rate during pregnancy.
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Angiotensin converting enzyme inhibitors and angiotensin receptor blockers ACE inhibitors and ARBs are contraindicated during pregnancy for their demonstrated adverse effects on the fetus during all trimesters of pregnancy, particularly the second and third trimester. Fetal renal failure and even neonatal death have been reported. [113] [114] [115] If a woman with heart failure assuming ACE-inhibitors or ARBs plans a pregnancy, she should stop this therapy and evaluate possible consequences of this discontinuation in terms of clinical status, LV dilatation, or LVEF If the LVEF worsens, the risk of pregnancy should be reconsidered. If an ACE inhibitor or ARB is assumed during the first trimester, immediate discontinuation of the medication with subsequent monitoring, including fetal ultrasound, is recommended. 15 ACE-inhibitors are present in low concentration in breast milk so that it cannot provoke adverse effects. 116 No data exist on ARBs, therefore they should not be assumed.
β-blockers
These drugs are generally safe and useful during pregnancy, although an increased rate of fetal growth restriction is reported, 117, 118 particularly for atenolol.
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In practice β-1 selective (e.g., metoprolol) agents are preferable, since they probably interfere less with β-2 mediated uterine relaxation and peripheral vasodilation, but ultrasound scan follow-up is strictly recommended to evaluate fetal growth. Infants born to mothers treated with β-blockers should be observed for 72 to 96 h after delivery. β-blockers are generally present in low concentration in breast milk with the exception of atenolol. 120 However metoprolol is the most advisable, because more recent drugs such as carvedilol and bisoprolol have not enough evidence in literature.
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Digoxin
Digoxin is considered to be safe in pregnancy, although some adverse effects are reported. 121, 122 Digoxin dose may need to be increased to achieve a therapeutic effect during pregnancy. The decision should be based upon the perceived adequacy of the therapeutic effect rather than serum levels only. 123 Treatment of fetal tachyarrhythmias with digoxin is described and is due to its pharmacokinetic property. 124 Digoxin concentration in breast milk is low so that no adverse effects have been described in breastfed newborns.
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Hydralazine plus nitrate
The combination of hydralazine plus nitrate (isosorbide dinitrate) is the recommended vasodilator therapy for pregnant women with heart failure, 15, 70 although this association has never demonstrated a strong evidence of usefulness as ACE inhibitor and ARBs. Actually hydralazine has been used for many years in the treatment of hypertension during pregnancy and appears to be safe for both the mother and fetus. 125, 126 Hydralazine can be assumed by nursing mothers due to its low level in breast milk. 116 Evidence is lacking on the use of isosorbide dinitrate during breastfeeding. As ACE-inhibitor can be restarted in the postpartum period, it does not represent a relevant limit.
Diuretics and aldosterone antagonists
Diuretics are well tolerated during pregnancy. Intravenous administration is preferable for acute patients, while oral therapy is indicated for chronic ones.
The aldosterone antagonist spironolactone causes feminization of the male fetus in animal studies and there are no clinical data on humans, which can reject this experimental evidence. For this reason, spironolactone should not be used during pregnancy.
Few data support the use of spironolactone during breastfeeding, demonstrating that the level in breastmilk is low.
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Intravenous therapy
Intravenous nitroglycerin can be used in pregnant women with acute heart failure, particularly in case of high blood pressure treatment. 127 Nitroprusside rather than nitroglycerin can be considered if remarkable and immediate afterload reduction is required. Examples of such settings include hypertensive emergency, acute aortic regurgitation, acute mitral regurgitation, aortic dissection, or acute ventricular septal defect. However, the dose and duration of therapy should be limited as much as possible because of the metabolism of this agent to thiocyanate and cyanide, which have determined fetal cyanide poisoning in animal models. 128 If nitroprusside is necessary, breastmilk feeding should be interrupted because thiocyanate is excreted into breast milk. 116 Intropes, such as dobutamine can be used in pregnant women if necessary for systolic dysfunction heart failure presenting with symptoms and signs of low cardiac output, unresponsive to medical therapy.
No information is available on the use of dopamine or dobutamine during breastfeeding. 116 Intravenous dopamine infusion may decrease milk production but this has not been directly studied.
Anticoagulants
Venous thromboembolism is a rare complication of pregnancy as it occurs with an incidence of 1 in 500 up to 1 in 2000 pregnancies and it is more common postpartum than antepartum. 129, 130 It is due to the hypercoagulable state of pregnancy.
Indications for anticoagulation in women with heart failure during pregnancy is not different from standard general indications for anticoagulation. Given the possible thromboembolic risk in women with heart failure during pregnancy, some experts suggest anticoagulation in pregnant women with severe LV dysfunction. This approach is not supported by strong evidence and it is in contrast with recommendations for use of antithrombotic therapy in patients with heart failure generally.
15,70
Heparins
As heparins do not cross the placenta, they represent the best way of anticoagulation during pregnancy. Low molecular weight heparins (LMWH) are the most used, because they are effective, demonstrate a more predictable effect and do not require activated partial thromboplastin time (aPTT) monitoring. [131] [132] [133] [134] [135] However unfractionated heparins have still a role in case of renal failure, because LMWH are excreted only by kidneys, while unfractionated heparins have hepatic and renal excretion metabolism. Unfractionated heparin can also be administered intravenously to achieve a more constant level of anticoagulation or in case rapid discontinuation is advantageous (e.g., delivery, surgery). Fondaparinux is used although data 
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Heparin dosage is higher during pregnancy because of weight gain and alteration of metabolism, plasma volume and renal clearance. [139] [140] [141] [142] [143] [144] [145] [146] For this reason prophylactic dose of LMWH in the first trimester of pregnancy is the same as that generally used in non-pregnant women (e.g., dalteparin 5000 units subcutaneously every 24 h; enoxaparin 40 mg subcutaneously every 24 h), but, after 20 weeks of gestation, it can be increased up to a maximum dose of enoxaparin 1 mg/kg once daily 139 according to the thrombosis risk. Actually it has been demonstrated on a group of 57 women (82 pregnancies) at high risk of thrombosis that low-dose LMWH is not sufficient to avoid events. 147 Basing on the same concept, unfractionated heparin is given subcutaneously every 12 h, with increasing doses as the pregnancy progresses, from 5000 to 7500 units in the first trimester, from 7500 to 10,000 units in the second trimester, to 10,000 units in the third trimester. 148, 149 However some clinicians do not usually increase the dosage and limit prescription to 5000 units subcutaneously every 12 h throughout the pregnancy, but studies have concluded that this dose is probably not enough considering plasma heparin levels. 145, [150] [151] [152] [153] As usual, there is no need of monitoring aPTT using prophylactic dose of unfractionated heparin.
Complications of heparin treatment should be faced as in non-pregnant women. Adequate assumption of calcium and vitamin D can avoid decrease in bone mineral density caused by long administration of heparin. Probably LMWH have the same effect on bone in comparison to unfractionated heparin. 154, 155 To limit bleeding risk, LMWH should be switched to unfractionated heparin at 36 th week of gestation and every treatment should be stopped when spontaneous labor begins or 24 h before planned induction of labor or Cesarean delivery, 149 except in the highest risk setting (recent pulmonary embolus). Heparin can be reintroduced from 6 to 12 h after vaginal delivery or from 12 to 24 h after Cesarean delivery and treatment should be continued for at least six weeks at a prophylactic dosage in case of high risk of thrombosis.
Warfarin and new oral anticoagulants
Warfarin should be avoided, because it is teratogenic and produces fetal anticoagulation, causing embryopathy and fetal bleeding, including intracranial hemorrhage. Teratogenic effect is dose-correlated and doses inferior to 5 mg/day seem to be safer, although teratogenic effect has been described also for these doses. [156] [157] [158] The greatest risk of teratogenic effects is present when warfarin is assumed between 6 th and 12 th week of gestation, 150 although toxicity is possible before or after this period. [159] [160] [161] [162] Typical abnormalities caused by warfarin assumption are chondromalacia punctata, with stippled epiphyses and nasal and limb hypoplasia 150 and central nervous system abnormalities (e.g., optic atrophy, microcephaly, mental retardation, spasticity, and hypotonia). [163] [164] [165] [166] The risk of fetal hemorrhage seems to be greatest during and immediately after delivery, [165] [166] [167] [168] but it is reasonable to stop warfarin assumption after 34-36 weeks of gestation, substituting it with an another anticoagulant if appropriate. As fetal levels of coagulation factors do not correlate with maternal ones, infusion of fresh frozen plasma into the mother does not necessary reverse fetal anticoagulation.
Due to the high risk of thrombosis in women with mechanical heart valve, they can assume warfarin only in the second trimester of pregnancy when organogenesis has been mostly completed, but the risk of fetal bleeding is superior to other drugs. [169] [170] [171] [172] [173] New oral anticoagulation cannot be assumed in pregnancy because we lack information about its safety. 136, 174 [ 
